A Gram-stain-negative, strictly aerobic, non-motile, yellow, rod-shaped bacterium, designated strain E62-3 T , was isolated from soil of Enshi Grand Canyon, Hubei province, PR China. Phylogenetic analysis based on 16S rRNA gene sequences showed that strain E62-3 T was most closely related to Sphingomonas laterariae LNB2 T . Strain E62-3 T exhibited the highest 16S rRNA gene sequence similarity to Sphingosinicella vermicomposti YC7378 T (96.0 %), Sphingobium xanthum NL9 T (95.8 %), Sphingobium boeckii 469 T (95.7 %) and Sphingomonas laterariae LNB2 T (95.5 %) within the family Sphingomonadaceae. The major fatty acids (>5 %) of strain E62-3 T were C 18 : 1 !7c, summed feature 3 (C 16 : 1 !7c and/or iso-C 15 : 0 2-OH), C 16 : 0 and C 14 : 0 2-OH. The predominant respiratory quinone and polyamine were ubiquinone Q-10 and homospermidine, respectively. The predominant polar lipids were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and phosphatidylcholine. The genomic DNA G +C content was 66.4 mol%. The genotypic, chemotaxonomic and phenotypic data revealed that the isolate represents a novel species of the genus Sphingomonas, for which the name Sphingomonas faucium sp. nov. is proposed. The type strain is E62-3 T (=KCTC 42834 T =CCTCC AB 2015300 T ).
The genus Sphingomonas belongs to the family Sphingomonadaceae and was first proposed by Yabuuchi et al. (1990) , with the description subsequently amended by Takeuchi et al. (2001) , Yabuuchi et al. (2002) , Busse et al. (2003) and Chen et al. (2012a) . The type species of the genus Sphingomonas is Sphingomonas paucimobilis (Yabuuchi et al., 1990) . Phylogenetically, the genus Sphingomonas is quite similar to the genera Novosphingobium, Sphingobium, Sphingopyxis and Sphingosinicella Maruyama et al., 2006) . The major polyamine homospermidine was found in the genera Sphingomonas and Sphingosinicella, while spermidine was present in the genera Novosphingobium, Sphingobium, and Sphingopyxis Busse et al., 2003; Maruyama et al., 2006) . Members of the genus Sphingomonas were isolated from various samples, such as soil, air, water, marine bivalve specimen and a lead-zinc mine (Lee et al., 2001; Romanenko et al., 2007; Lin et al., 2012; Son et al., 2013; Feng et al., 2014; Kim et al., 2014) . All strains in the genus are Gram-stain-negative, aerobic, rod-shaped and catalase-positive Chen et al., 2012a; Kaur et al., 2012) . In addition, they were characterized chemotaxonomically by the presence of ubiquinone Q-10 and 2-hydroxy fatty acids and by the absence of 3-hydroxy fatty acids , and they contained homospermidine as the major polyamine Busse et al., 2003; Uchida et al., 2012) and sphingoglycolipids as major components of their outer membrane (Kawahara et al., 1999) . The DNA G+C content of the genus Sphingomonas ranges from 61.0 to 72.2 mol% (Chen et al., 2012a; Kaur et al., 2012; Son et al., 2013; Wei et al., 2015) . In this study, an isolate from soil of Enshi Grand Canyon was characterized taxonomically and described as a novel species of the genus Sphingomonas.
A soil sample was collected from Enshi Grand Canyon (30 24¢ N 109 18¢ E, with an altitude of about 1200 m), Hubei province, PR China. The pH of the soil was 6.0. The soil sample was serially diluted with 0.85 % sterile NaCl and plated on 1/10 tryptic soy agar culture plates (TSA; Bacto) then incubated at 28 C for one week. A yellow bacterial colony appeared on the 1/10 TSA plate and was subcultivated several times to obtain a pure culture. The strain was designated E62-3 T and preserved at À80 C in 25 % glycerol.
A nearly-complete 16S rRNA gene sequence of strain E62-3 T was amplified using 16S rRNA gene primers 27F and 1492R as described by Fan et al. (2008) . The purified
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain E62-3 T is KU179043.
One supplementary table and three supplementary figures are available with the online Supplementary Material.
PCR product was cloned into the pGEM-T vector (Promega) for sequencing. The 1413 bp 16S rRNA gene sequence of strain E62-3 T was compared with the sequences available in the EzTaxon-e server (Kim et al., 2012) and NCBI Gen-Bank database. In addition, multiple alignment of 16S rRNA gene sequences of the 18 closely related strains was performed using CLUSTAL X (Thompson et al., 1997) . Maximum-likelihood (Felsenstein, 1981) , neighbour-joining (Saitou & Nei, 1987) and maximum-parsimony (Fitch, 1971 ) trees were reconstructed using MEGA 5.0 software (Tamura et al., 2011) . The bootstrap values were calculated based on 1000 replicates (Felsenstein, 1985) and distances were calculated in accordance with Kimura's two-parameter method (Kimura, 1980) . Strain E62-3 T showed the highest 16S rRNA gene sequence similarity to Sphingosinicella vermicomposti YC7378 T (96.0 %), Sphingobium xanthum NL9 T (95.8 %), Sphingobium boeckii 469 T (95.7 %) and Sphingomonas laterariae LNB2 T (95.5 %) within the family Sphingomonadaceae. In the phylogenetic tree reconstructed using the maximum-likelihood algorithm, strain E62-3 T was clustered with Sphingomonas laterariae LNB2 T and other species of the genus Sphingomonas (Fig. 1) . The maximumparsimony and neighbour-joining trees showed similar results (Figs S1 and S2, available in the online Supplementary Material). According to the three phylogenetic trees, strain E62-3 T was similar to the genus Sphingomonas. The related strains Sphingomonas laterariae LNB2 T (=DSM 25432 T ), Sphingomonas paucimobilis JCM 7516 T and Sphingosinicella vermicomposti YC7378 T (=DSM 21593 T ) were used as reference strains to analyse together.
In order to obtain physiological, morphological and biochemical characteristics, strain E62-3 T and the reference strains were cultured on or in R2A agar or broth and incubated at 28 C for 2 days unless otherwise mentioned. Gram staining was tested using the method described by Dussault (1955) . Cellular morphology and flagella were observed using a transmission electron microscope (H-7650; HITACHI). Investigation of the pH range for growth was performed in R2A broth at pH 4.0-11.0 (in 1 pH unit intervals) using different buffer systems (0.1 M citric acid/0.1 M sodium citrate for pH 4.0-5.0; 0.1 M KH 2 PO 4 /0.1 M NaOH for pH 6.0-8.0; 0.1 M NaHCO 3 /0.1 M Na 2 CO 3 for pH 9.0-10.0; 0.05 M Na 2 HPO 4 / 0.1 M NaOH for pH 11.0) as described by Xu et al. (2005) for one week. The growth temperature was determined on R2A agar in different temperatures (4, 15, 20, 28, 37 and 42 C) for one week. To determine the NaCl tolerance, the strains were grown in R2A broth medium with different concentrations of NaCl at 0-6 % (w/v, 0.5 % intervals) for one week. The motility test was carried out using R2A broth with 0.3 % agar. Anaerobic growth was determined by incubation in an anaerobic chamber with an O 2 -absorbing and CO 2 -generating agent (Anaero-Pack; Mitsubishi Gas Chemical) for two weeks. Growth was tested on R2A agar, 1/10 tryptic soy agar (TSA; Bacto), MacConkey agar, nutrient agar and LB agar (all from Difco). The growth curve of strain E62-3 T in R2A broth was measured using a spectrophotomenter at OD 600 . Oxidase activity was determined using 1 % (w/v) tetramethyl-b-phenylenediamine (Cappuccino & Sherman, 2002) , and catalase activity was tested by assessing bubble production in 5 % (v/v) H 2 O 2 . H 2 S and indole production tests were accomplished using the method described by Smibert & Krieg (1994) . Methyl red and Voges-Proskauer tests were performed according to Dong & Cai (2001) . Hydrolysis of starch, aesculin, DNA, gelatin, casein, urea, and Tweens 20 and 80 were investigated according to Reichenbach (1992) and Smibert & Krieg (1994) . Moreover, nitrate reduction was determined by the method described by Lanyi (1987) . Antibiotic sensitivity tests were determined by spreading bacterial suspensions on R2A agar plates and using filter-paper discs containing different antibiotics (Hangzhou Microbial Reagent), with incubation at 28 C for one week according to Chen et al. (2012b) . Acid production from various carbohydrates was tested using traditional methods (Dong & Cai, 2001) . The API 20NE, API ID 32GN and API ZYM kits (bioM erieux) were used to measure the carbon-source assimilation and enzyme activity of all strains according to the manufacturer's instructions. The carbon-source assimilation test was also performed using the traditional methods described by Dong & Cai (2001) . The API 20 NE and ID 32 GN tests were examined after incubation at 28 C for 3 days. The API ZYM test was observed after incubation at 28 C for 6 h.
Strain E62-3 T was Gram-stain-negative and aerobic. Cells were non-motile and rod-shaped (Fig. 2) . The strain grew on R2A agar, 1/10 TSA, LB agar and nutrient agar, but did not grow on MacConkey agar. Colonies were yellow, circular, convex, smooth and non-transparent after incubation for 3 days on R2A agar at 28 C. The temperature and pH ranges for growth were 15-37 C and pH 6.0-9.0, with optimum growth at 28 C and pH 7.0, respectively. The NaCl concentration for growth was 0-0.5 %. Strain E62-3 T reached exponential phase and stationary phase within 12 h and 28 h, respectively. Colonies of strain E62-3 T were yellow, but colonies of Sphingomonas laterariae DSM 25432 T were cream. The main differences in phenotypic characteristics between strain E62-3 T and the reference strains are shown in Table 1 .
For analysis of cellular fatty acids, strain E62-3 T , Sphingomonas laterariae DSM 25432 T , Sphingomonas paucimobilis JCM 7516 T and Sphingosinicella vermicomposti DSM 21593 T were cultivated on R2A agar at 28 C and harvested in the exponential growth phase and analysed simultaneously by GC (6890; Hewlett Packard) according to the standard protocol of the Sherlock Microbial Identification System (MIDI Sherlock version 6.1, MIDI database TSA40 4.10) (Kroppenstedt, 1985; Sasser, 1990) . The DNA G+C content of strain E62-3 T was investigated by HPLC as described by Mesbah et al. (1989) . The polyamines were extracted and analysed as described by Busse & Auling (1988) and Busse et al. (1997) . The respiratory quinone of strain E62-3 T was determined by HPLC as described by Minnikin et al. (1984) . Polar lipids were extracted and determined by method described by Collins & Jones (1980) . The major fatty acids of strain E62-3 T in the whole cells were C 18 : 1 !7c (36.4 %), summed feature 3 (C 16 : 1 !7c and/or iso-C 15 : 0 2-OH) (24.5 %), C 16 : 0 (14.7 %) and C 14 : 0 2-OH (8.9 %), which were similar to the results reported for other species of the genus Sphingomonas, but there were some differences in content (Table S1 ) compared with the reference strains. The DNA G+C content of strain E62-3 T was 66.4 mol%, which was within the range (61.0 to 72.2 mol%) of the genus Sphingomonas (Chen et al., 2012a; Kaur et al., 2012; Son et al., 2013; Wei et al., 2015) , and was distinguished from Sphingosinicella vermicomposti DSM 21593 T (Table 1) . The predominant respiratory quinone and polyamine of strain E62-3 T were found to be ubiquinone Q-10 and homospermidine, respectively. The polar lipids of strain E62-3 T were diphosphatidylglycerol, Fig. 2 . Transmission electron micrograph of strain E62-3 T after cultivation for 2 days. Bar, 0.2 µm.
phosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, three unidentified glycolipids and three unidentified phospholipids (Fig. S3 ). However, the polar lipid profile of strain E62-3 T lacked sphingoglycolipid which was similar to Sphingomonas aerophila and Sphingomonas naasensis (Kim et al., 2014) . Colony colour Yellow Cream Yellow Yellow Motility À À + À pH range 6.0-9.0 6.0-9.0 5.0-9.0 6.0-11.0 NaCl (%, w/v) tolerance 0.5 3 5 0.5 Oxidase À + + + Nitrate reduction À + À À Indole production + À À À Hydrolysis of: Kaur et al. (2012) ; b, Chen et al. (2013) ; c, Yasir et al. (2010) .
Strain E62-3 T shared similar chemotaxonomic characteristics with the other members of the genus Sphingomonas. However, based on the 16S rRNA gene sequence, strain E62-3 T has less than 96.0 % identity to the other members of the genus Sphingomonas. The DNA G+C content and the major fatty acids are different from the reference strains in the content. Moreover, strain E62-3 T has different characteristics such as the NaCl range for growth, being positive for indole production and negative for larylamidase and oxidase activity. Taken together these data indicate that strain E62-3 T represents a novel species of the genus Sphingomonas, for which the name Sphingomonas faucium sp. nov. is proposed.
Description of Sphingomonas faucium sp. nov.
Sphingomonas faucium (fau¢ci.um. L. pl. n. fauces a canyon; L. pl. gen. n. faucium of a canyon).
Cells are Gram-stain-negative, strictly aerobic, non-motile and rod-shaped (0.4-0.5Â0.7-1.1 µm). Grows on R2A agar, 1/10 TSA, LB agar and nutrient agar, but not on Mac-Conkey agar. Colonies are yellow, circular, convex, smooth, non-transparent after incubation for 3 days on R2A agar at 28 C. The temperature range for growth is 15-37 C (optimum 28 C). Growth occurs with NaCl concentrations of 0-0.5 % and at pH 6.0-9.0 (optimum pH 7.0). The type strain reached exponential phase and stationary phase within 12 h and 28 h, respectively. Indole is produced but not H 2 S. Nitrate is not reduced to nitrite. Aesculin, Tween 20 and DNA are hydrolysed, but starch, casein, gelatin and Tween 80 are not. Positive for urease and arginine dihydrolase activities. Catalase-positive and oxidase-negative. The Voges-Proskauer test and methyl red test are negative. Acid is produced from L-arabinose, D-xylose and D-ribose, but not from lactose or ethanol. Assimilates L-rhamnose, D-glucose and melibiose, but not sucrose, acetate, lactate, L-alanine, salicin, propionate, valerate, L-histidine, L-proline, maltose or gluconate. The activities of b-galactosidase, aglucosidase and N-acetylglucosaminidase are present, but lipase (C14), larylamidase, trypsin, b-glucosidase and cystine arylamidase activities are absent. The major fatty acids are C 18 : 1 !7c, summed feature 3 (C 16 : 1 !7c and/or iso-C 15 : 0 2-OH), C 16 : 0 andC 14 : 0 2-OH. The predominant respiratory quinone and polyamine are ubiquinone Q-10 and homospermidine, respectively. The predominant polar lipids are diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and phosphatidylcholine. Sensitive to carbenicillin, erythromycin, norfloxacin, ofloxacin, penicillin, piperacillin, ceftriaxone, doxycycline, minocycline, cephalosporin IV, cephalosporin VI, cefoperazone, neomycin, sulfamethoxazole, cephalosporin V, ceftazidine and cefuroxime, but resistant to oxacillin, medemycin, furazolidone and clindamycin.
The type strain is E62-3 T (=KCTC 33636 T =CCTCC AB 2015053 T ), isolated from soil of Enshi Grand Canyon, Hubei province, PR China. The DNA G+C content of the type strain is 66.4 mol%.
